BACKGROUND: Current HIV treatment guidelines recommend delaying antiretroviral therapy for nonadherent patients, which some fear may disproportionately affect certain populations and contribute to disparities in care.
P
rotease inhibitors (PIs), in combination with other antiretroviral medications, have dramatically improved outcomes for patients infected with the human immunodeficiency virus (HIV ). [1] [2] [3] Unfortunately, HIV mortality rates remain higher among minorities, women, and injection drug users compared to others, 4, 5 in part because these groups are less likely to receive combination therapy, even after controlling for illness severity, income, and health insurance. [6] [7] [8] [9] [10] [11] [12] [13] National HIV treatment guidelines recommend providers consider the patient's likelihood of adhering to medications when deciding to initiate antiretrovirals. [14] [15] [16] This is based on evidence that inadequate adherence promotes drug resistance and may lead to worse health outcomes. [17] [18] [19] [20] [21] By limiting therapy to adherent patients, we might slow the spread of drug-resistant HIV. 22 Some are concerned, however, that patient sociodemographic characteristics may influence physicians' judgments about adherence, which may ultimately contribute to disparities in treatment. 23 -25 Whether HIV care providers follow this guideline and whether this practice contributes to differences in treatment and outcomes is unknown. In the present study, we examined a nationally representative sample of HIV-infected individuals to determine whether certain populations (minorities, women, heavy alcohol and drug users, and the poor) receive PIs later than others and whether providers' attitudes toward delaying or withholding PI therapy for nonadherent patients account for these disparities. We also examined the impact of this prescribing practice on mortality and physical health status.
METHODS

Data Collection
We examined data from the HIV Cost and Services Utilization Study (HCSUS), a prospective cohort study of a nationally representative sample of HIV-infected patients who are receiving care and their providers. In the first stage of a multistage sampling design, we randomly selected metropolitan statistical areas and rural geographic areas. In the second stage, we selected individual and institutional medical providers identified through public health officials and local physicians caring for HIV patients. In this stage, we also selected providers who reported caring for HIVinfected patients through a screening survey of 4,000 randomly selected physicians. In the third stage, we sampled HIV-infected individuals from lists of eligible patients (age > 18 and known HIV infection) whom selected providers had seen in the clinic or hospital at least once between January 5 and February 29, 1996 . The respondent sample was 67% of the total population that would have been represented if the agreement and response rates were 100% at each stage. Further details are described elsewhere. 7, 26 Subjects participated in 3 in-person or telephone interviews. We identified providers based on first follow-up (FU1) and baseline surveys asking patients to identify their health care providers. 27 Depending on the availability of this information, we chose providers in the following order: the physician in charge of their HIV care at FU1, the most recent HIV provider at FU1, their non-HIV primary care provider at FU1, their primary HIV provider at baseline, and their non-HIV primary care provider at baseline. Of the 2,864 patients, 222 (7.8%) did not list a provider. Of the 692 listed providers, we were able to contact 551 to complete a mailed, self-administered, written questionnaire. These surveys were completed in 1998 and 1999, about the same time as the second follow-up survey. A total of 412 providers completed the questionnaire (response rate 75%). Of the 2,642 patients with an identified provider, 1,896 (71.7%) had survey data from their provider. We excluded 5 providers, who cared for 15 patients, because they were nurses, 5 providers because their patients were dropped from the baseline sample, and 5 patients and 2 providers because of missing key data. We also excluded 159 patients ineligible for combination antiretroviral therapy according to treatment guidelines at the time the study was conducted (baseline CD4 count > 500 cells/mm 3 ). 14 The final analytic sample included 367 providers caring for 1,717 patients.
Measurement of Variables
We asked providers whether they agreed with the following statement using a 5-point response scale (strongly disagree to strongly agree), "Whether a patient is likely to be adherent is a very important factor when deciding whether or not to prescribe protease inhibitors." Providers were dichotomized into 2 groups: those who agreed or strongly agreed (Selective) and those who disagreed, strongly disagreed, or were unsure (Nonselective). Henceforth, we refer to this variable as "providers' prescribing attitude."
In addition to demographic characteristics, we asked providers about their years of clinical experience, specialty, HIV patient caseload, sexual preference (homosexual, bisexual, or heterosexual), preference not to treat intravenous drug users, and belief that many of their patients cannot adhere to PIs (5-point agree-disagree response scale). We assessed HIV knowledge using 11 true-false questions about HIV treatment (Cronbach's α = 0.64). 27 From a list of antiretrovirals, we asked patients which they used during the previous 6 months in the baseline survey and since the previous survey at follow-up. The list included four PIs: ritonavir, indinavir, saquinavir at baseline, and also nelfinavir at follow-up. At follow-up, we asked respondents when (month, year) they first started taking a PI. From these questions, we determined the date individuals first used a PI.
We calculated the number of days to first PI use since December 6, 1995, the date the Food and Drug Administration approved the first PI (saquinavir). Some individuals reported using a PI prior to this date, perhaps through a clinical trial. Some groups, including minorities, are less likely to participate in clinical trials, [28] [29] [30] In addition to collecting demographic information, we asked patients about illicit drugs and alcohol use in the past year. We measured access to care using 6 questions regarding the affordability, availability, and convenience of medical care and about the accessibility of specialists (Cronbach's α = 0.74) derived from the HIV Outcomes Study. 31 An HIV symptom index reflected a count of HIVrelated symptoms. 32 We measured physical and mental health status derived from the HCSUS health-related quality of life measure. 33 We used the University of Michigan
Composite International Diagnostic Interview (UM-CIDI) brief screener to determine whether patients had anxiety disorder, panic disorder, depression, or dysthymia. 34, 35 We also asked patients whether they thought antiretrovirals were worth taking (using a 4-point response scale) and whether they had used any mental health services in the last 6 months. At the second follow-up survey, we asked patients how many days they forgot to or purposely did not take their HIV medication and how many days they took their HIV medication exactly as their doctor prescribed over the prior week. Based on these 2 questions, individuals were classified as poorly adherent, somewhat adherent, and very adherent. This measure correlates well with other adherence measures using pill counts and Medication Event Monitoring Systems (MEMS) 36 and with virologic response. 36 We obtained death data through December 31, 1999 from participant contacts and proxies, newspaper obituaries, a national death registry (Choice Point), and from searches of the National Death Index. We used social security number to confirm matches for the latter two sources.
We imputed missing values for essential variables using a standard "hotdeck" strategy. We imputed less than 5% of CD4-positive lymphocyte counts, less than 3% of insurance and income values, and less than 0.5% of other key variables in the analyses. 12 A sensitivity analysis dropping individuals with missing data yielded comparable results.
Statistical Analysis
To examine the relationship of patient and provider characteristics with time to PI use, we used time-to-event analyses. We used parametric regression because the Cox proportional hazards assumption was violated. We chose a log-normal distribution based on log-likelihood statistics and Cox-Snell residual plots. 37 We used multiple logistic and linear regression to examine the association of providers' prescribing attitude with mortality and physical health status, respectively. All multivariate models included patient and provider characteristics. Patient characteristics were race/ethnicity, age, gender, education, HIV exposure mode, annual family income (cutoff < $25,000), insurance type, self-reported access to care, CD4 count, symptom index, physical and mental health status, presence of psychiatric illness, mental health service use in the last 6 months, homelessness, recent drug or heavy alcohol use, belief that antiretrovirals are worth taking, and geographic region. Provider characteristics were prescribing attitude (Selective vs Nonselective), race, gender, years in practice as a physician (10 years or more vs less than 10 years), specialty (infectious disease, general internal medicine or family practice, vs other), HIV knowledge score, sexual preference (heterosexual vs homosexual/bisexual), HIV caseload (more than 50, 20 to 49, vs 1 to 19 patients), preference not to treat injection drug users (agree vs disagree), belief that many patients cannot adhere to their medication regimen (agree vs disagree), and clinical setting (academic vs nonacademic, private vs public, large vs small practice).
We hypothesized that minorities, women, those with lower income, and heavy alcohol/drug users would receive PIs later than others, and that this disparity would exist if patients had a Selective provider but not if they had a Nonselective provider. Consequently, we included interaction terms between providers' prescribing attitude and patient race/ethnicity, gender, alcohol/drug use, and annual family income. We also tested other two-way interaction terms among these variables. Only the interaction between gender and alcohol/drug use was statistically significant at P < .10 and retained in the final multivariable model.
For comparison of patient and provider characteristics, t tests and χ 2 statistics were used to compare continuous and categorical variables, respectively. Variance estimates were adjusted for the complex, multistage sampling design.
We used the Huber-White method to adjust the variance estimates of the model parameters for the potential clustering effect that would result from several patients sharing the same provider. 38 All analyses were weighted to account for differential sampling probabilities, patient and provider nonresponse, and the probability that a patient could have been sampled through multiple providers. We used a bootstrapping technique to estimate 95% confidence intervals for adjusted time ratios, predicted median times to first PI use, and adjusted physical health status. 39 STATA 7.0 software (College Station Tx) was used for all analyses.
RESULTS
Patient and Provider Characteristics
Mean patient age of the analytic sample was 39 years (Table 1) . Twenty-two percent were female and half were white. Men having sex with men was the most common HIV exposure mode (48%), followed by injection drug use (24%) and high-risk heterosexual intercourse (19%). Having excluded those with CD4 count > 500 cells/mm 3 , almost two-thirds had an AIDS diagnosis at baseline and 76% had received a PI before the end of the study follow-up. A comparison of the demographic and clinical characteristics of included and excluded subjects revealed few differences ( Table 1) . The study and excluded patient groups were similar with respect to demographics, physical and mental health status, insurance type, and self-reported access to care. Excluded subjects were more likely to be homeless ( P = .03) and less likely to agree that antiretrovirals are worth taking ( P = .02) and to have received a PI during the study ( P = .0008). Because we excluded those with CD4 counts above 500 cells/mm 3 , the excluded group had higher CD4 counts and was less likely to have an AIDS diagnosis. The remaining analyses were weighted to account for the potential bias induced by the exclusion of a portion of the original sample.
Of the 367 providers included in this study, 89% of providers had a Selective prescribing attitude, that is, agreed that adherence was an important factor in their decision to prescribe PIs. Seventy-nine percent were male and 73% were white. The mean age of providers was 46 years. Fiftyfive percent were general internists or family practitioners, 42% were infectious disease specialists, and the remaining providers were nurse practitioners, physician assistants, gastroenterologists, pulmonologists, or other specialists. Most HCSUS providers had 50 or more HIV patients in their practice (88%) and 61% of providers correctly answered 80% or more of the 11 true-false HIV knowledge questions.
Time Until First Protease Inhibitor Use
Patients with a Selective provider ( n = 1,522, 89%) received PIs later than those with a Nonselective provider ( n = 195, 11%). From the parametric time-to-event models, we estimated time ratios (analogous to hazard ratios from a Cox model but interpreted as the relative median time to an event for one group compared to their reference). The unadjusted time ratio was 1.21 (95% confidence interval Table 2 ). In unadjusted analyses, the time ratios of first PI use were 1.54 for African Americans (95% CI, 1.38 to 1.72) and 1.15 for Latinos (95% CI, 1.01 to 1.31) compared to whites, 1.27 for women compared to men (95% CI, 1.14 to 1.41), 1.32 for those with an annual family income $25,000 or less compared to those with more income (95% CI, 1.19 to 1.34), and 1.11 for drug or heavy alcohol users compared to nonusers (95% CI, 0.98 to 1.27) ( Table 2 ). After adjusting for patient and provider covariates, these disparities remained for African Americans (TR, 1.31; 95% CI, 1.17 to 1.48), Latinos (TR, 1.12; 95% CI, 1.00 to 1.29), and those with less income (TR, 1.18; 95% CI, 1.05 to 1.34), but not for women (TR, 1.12; 95% CI, 0.98 to 1.28) or drug /heavy alcohol users (TR, 1.05; 95% CI, 0.92 to 1.19).
Next, we sought to determine the effect of providers' prescribing attitude on these disparities in time to first PI use. We performed a multivariate analysis that included all patient and provider covariates and interaction terms between providers' prescribing attitude and race/ethnicity, gender, income, and drug /heavy alcohol use. We then estimated the time ratios for the various patient subpopulations adjusted for providers having a Nonselective prescribing attitude and then adjusted for providers having a Selective prescribing attitude. If patients had a Selective provider, time to PI use was later for African-Americans, Latinos, women, and those with lower incomes compared to their reference, but not for heavy alcohol/drug users ( Table 3) . The time ratios were 1.32 (95% CI, 1.16 to 1.51) and 1.16 (95% CI, 1.00 to 1.33) for African Americans and Latinos, respectively, compared to whites; 1.21 for women compared to men (95% CI, 1.04 to 1.38); 1.20 for those with less income compared to those with more income (95% CI, 1.05 to 1.37); and 1.13 for drug/heavy alcohol users compared to nonusers (95% CI, 0.98 to 1.31). In contrast, if patients had a Nonselective provider, these disparities were absent, with one exception. The time ratio for African Americans compared to whites with a Nonselective provider was 1.40 (95% CI, 0.99 to 1.97), which was not statistically significant and, contrary to our hypothesis, larger in magnitude than the time ratio if the provider was Selective.
In order to better illustrate these differences in time to first PI use, we also estimated the median time to first PI use, adjusted for patient and provider covariates ( Table 4 ). The median time to first PI use if the provider was Nonselective was not statistically different when comparing patients by race/ethnicity, gender, income, or heavy alcohol/drug use. Fifty percent of African Americans had received a PI by 351 days after the first PI became available, compared to 251 days for whites-a difference of 100 days (95% CI, − 6 to 219). Women tended to receive PIs earlier than men-a difference of − 79 days (95% CI, − 179 to 40). If, however, the provider had a Selective prescribing attitude, Latinos, women, and those with lower incomes received PIs later than their comparison groups. The difference in median time to first PI use was 50 (95% CI, 1 to 98) days for Latinos compared to whites, 71 days (95% CI, 16 to 125) for women compared to men, 60 days (95% CI, 17 to 102) for those with less income compared to those more wealthy, and 51 days (95% CI, − 1 to 117) for drug or heavy alcohol users compared to nonusers. African Americans also received PIs later than whites (difference of 98 days; 95% CI, 51 to 148) if their provider was Selective. However, the magnitude of this difference was similar to the estimated difference if the provider was Nonselective.
Current HIV guidelines recommend physicians consider adherence in the decision to initiate antiretrovirals only when CD4 counts are greater than 200 cells/mm 3 because delaying treatment can have adverse outcomes when CD4 counts are low. 16 A subset analysis of individuals with baseline CD4 counts below 200 revealed results similar to the original results. Excluding poorly adherent persons also did not substantially change the original results. Of note, adherence was measured at the end of the study. Though adherence may affect the time PI therapy is initiated, the reverse may be true, that is, length of time on therapy is likely to influence later adherence. Because of this temporal ambiguity problem, we did not include adherence as a covariate in the analyses.
Mortality and Physical Health Status
We examined 2 health outcomes, death before December 31, 1999 and physical health status at the second follow-up. We controlled for patient baseline covariates (demographics, CD4 count, physical and mental health status, HIV-related symptoms, presence of psychiatric illness, health insurance, access to care, homelessness, belief that antiretrovirals are worth taking, HIV risk factor, and drug/alcohol use) and provider covariates (race, years in practice, specialty, HIV knowledge, sexual preference, preference not to treat drug users, belief that their patients cannot adhere to their medications, HIV caseload, and practice setting ). The adjusted odds of death were 1.1 times greater among those with a Selective provider than those with a Nonselective provider (odds ratio; 95% CI, 0.6 to 2.0). The adjusted physical health status, controlling for all covariates including baseline physical health status, was 50.4 for those with a Nonselective provider (95% CI, 27.6 to 66.8) and 49.1 for those with a Selective Provider (95% CI, 26.4 to 65.5). This difference was statistically significant ( P = .04).
DISCUSSION
Current treatment guidelines recommend that physicians consider several factors in their decision to prescribe antiretrovirals to asymptomatic patients, including "assessment of adherence potential." 16 We found that among providers caring for a nationally representative sample of HIV-infected adults, 89% agreed that adherence is an important factor in their decision to prescribe PIs. This suggests that the great majority of providers caring for HIV-infected individuals in the United States concur with current treatment recommendations. Furthermore, patients with providers who agreed with this prescribing practice received PIs later than those with providers who disagreed, suggesting that providers' prescribing behavior reflects their prescribing attitude. Some have objected to the current treatment guidelines regarding adherence as a prescribing criterion for fear that it may disproportionately affect minorities, the poor, and those with alcohol or drug use problems, resulting in greater disparities in use of antiretrovirals. [23] [24] [25] We found PI use was later for Latinos, women, and those with less income. However, these differences occurred only if patients had a Selective provider and not a Nonselective provider. African-Americans appeared to use PIs later than whites regardless of providers' prescribing attitude.
Though delaying therapy appears to increase some disparities in treatment, the practice of delaying therapy is not clearly beneficial or harmful. Those with a Selective provider had slightly lower physical health status at follow-up than those with a Nonselective provider, but this difference was very small and probably not clinically meaningful.
Also, providers' prescribing attitude was not associated with a difference in mortality. Caution is warranted in interpreting these results, however. While we have information on providers' prescribing attitude, we do not know whether they delayed treatment for a particular individual based on his/her likely adherence. Ideally, we would have compared outcomes for individuals with and without delayed treatment. Furthermore, the natural progression of HIV can be slow, and inadequate follow-up time in our study may have limited our ability to detect differences in outcomes. These results highlight the need for long-term study of the impact of delaying therapy for nonadherent patients on outcomes.
Regardless of whether delaying therapy for nonadherent patients is beneficial or not, providers might be delaying therapy for the wrong patients. We performed 2 sensitivity analyses, one limited to those who reported adequate or very good adherence and another limited to those with baseline CD4 counts of less than 200. Both of these groups probably should have received treatment, yet the sensitivity analyses demonstrated disparities in PI use only among those with Selective providers.
Whether or not certain groups are less adherent remains unclear. Previous studies have found mixed results, several showing comparable adherence by gender, race/ethnicity, [43] [44] [45] In one study, the sensitivity and specificity of providers' estimate of nonadherence to antiretrovirals (< 80% of pills taken) was only 40% and 85%, respectively. 44 Another study found a 19% agreement between providers' predictions and patient's actual adherence to HIV treatment. 45 Finally, providers appear to make judgments about adherence based on superficial characteristics. In a study using scenarios, providers believed that African Americans and injection drug users would be less adherent than others even though only demographic and disease severity information was provided. 46 An observational study also found that physicians predicted lower adherence among individuals actively using drugs. 45 A limitation of our study is that we may have surveyed providers who did not originally prescribe PIs to study patients. Though we made extensive efforts to identify each patient's primary HIV care provider, patients could have changed providers or received PIs from a different HIV care provider. However, any such misattribution would likely bias our results toward finding no effect.
Another limitation is that some unobserved differences may exist between patients who are cared for by Selective and Nonselective providers. Also, given that only 11% of patients had a Nonselective provider, we might have lacked adequate statistical power to detect some differences. Finally, we examined only a subset of the original HCSUS patient cohort due to patient and provider nonresponse. However, the potential bias is likely to be minimal given that the study and excluded patients had similar demographic characteristics and that the analyses were weighted to adjust for this response bias.
Since HCSUS was conducted several years ago, studies have found that adherence, while still very important, may not be as critical to successful outcomes as once thought. Patients derive benefit from antiretrovirals even after resistance to them has developed, in part because resistant HIV strains may be less harmful. 47 Also, drug resistance is probably unavoidable at the population level as resistance occurs commonly even when adherence is good. 48 Nevertheless, current guidelines still recommend that physicians consider adherence in their treatment decisions given that better adherence leads to better HIV suppression and outcomes. 16, 47 Thus, physicians probably have not changed their prescribing practice regarding nonadherent patients since HCSUS was conducted, and our results remain pertinent to current care and to understanding existing disparities in treatment.
The present study suggests that the practice of delaying treatment for nonadherent patients may contribute to differences in antiretroviral treatment by gender, Latino ethnicity, and income. Some populations may be less adherent, and thus providers may be helping them save therapy for when they need it most. On the other hand, growing evidence suggests that physicians are unable to accurately assess adherence. Their assessments might incorporate subtle biases that could explain some of the disparities we observed. If so, delaying antiretroviral treatment may contribute to inequitable care. Future studies need to determine how physicians operationalize their stated approach (Selective vs Nonselective) and the impact that this approach to treatment has on the development of viral resistance and patient outcomes. Until we better understand the health consequences of delaying therapy and using adherence as a prescribing criterion, every effort must be made to accurately assess adherence, especially for those who are often thought to be less adherent.
